Introduction
In recent years, emerging optical neuronal stimulation and recording tools such as two-photon microscopy and light sensitized channel proteins called channel rhdopsin 2 (ChR2) or halo rhodopsin (NpHR) are utilized in conjunction with conventional electrical measurement tools. We consider imaging and optical stimulation (or optogenetic) devices are becoming prevalent in the electrophysiological study and believe LSI and MEMS technologies can provide microchip based novel neuronal stimulation and recording systems. Development of those devices is highly beneficial for the application, where bulkiness and sparsity of recording/stimulation points become problematic, such as in vivo electrophysiological experiments on freely moving animals. To date, several MEMS devices are reported for optogenetic research, such as microelectrode with optical wave guide (optorode), and micro-LED array system for patterned optical neuronal stimulation [1] [2] .
However, there has been no device that is capable to generate spatiotemporal pattern of optical stimulation while performing imaging function on a single chip. Here, we propose a novel complementary metal oxide semiconductor (CMOS) image sensor integrated with on-chip miro-LED array for optogenetic applications. In this paper, we report preliminary result of driving LED on image sensor's pixel array, and the design of novel CMOS image sensor.
LED assembly onto CMOS image sensor

Microelectrodes on the pixel array
In the previous work, we have developed a CMOS image sensor that bares on-chip microelectrodes for simultaneous contact imaging and electrical recordings from a mouse hippocampus slice [3] . The surface of the sensor chip is composed of the pasivation layer (SiN and SiO). In the microelectrode region, the passivation layer is removed by PAD structure, and the top Al metal layer is exposed. The Al wiring metal layers above the pixel photodiodes are opened, enabling on-chip imaging in the microelectrode region.
Fabrication of contact electrodes and mounting of on-chip LED
We conducted preliminary investigation on the LED assembly and activation using on-chip microelectrodes. Pt thin film was fabricated on the surface of the sensor chip by sputtering and lift-off process as shown in the cross sectional schematic in Fig. 3(c) . The area of Pt contact electrodes is overlapped with Al on-chip electrode and surrounding passivation layer. A LED bare chip (blue LED, Epistar) was mounted on the sensor chip, and then fixed with heat-curable resin. After applying 3.0 V on fixed LED, blue light emission was observed as shown in Fig.3 a l s , N a g o y a , 2 0 1 1 , p p 1 0 4 3 -1 0 4 4 G H -2 -5
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Evaluation of mounted LED
We evaluated the emission power of mounted LED. It has the emission in 450 -470 nm, which is the excitation wavelength of ChR2. The characteristic on current-light emission power is shown in Fig. 4 . It has 2.0 mW/mm 2 power at 0.8 mA, which is sufficient excitation power to trigger gating of ChR2 proteins and induce action potential of ChR2 expressing neurons [2] . The performance of the LED mounted on the sensor chip was confirmed to work for optogenetic applications.
Design of novel CMOS Image Sensor for Optogenetic Applications
We have assembled an on-chip micro LED on the sensor's imaging area and confirmed that fabricated Pt microelectrdes can be utilized as the electrical contact to drive LED within sufficient emission power range to activate ChR2 expressing neurons. For the next step, we have designed a novel CMOS image sensor that is capable to generate spatiotemporal pattern of light stimulation using micro LED array. It can drive 10 x 8 LEDs above the imaging area. The size of LED is 192 x 225 mm 2 . For the addressing of micro-LEDs, line scanner and 7 bit decoder are used. One LED is driven by constant current regulated by transmission gate via on-chip contact electrodes. The scanning mode is used for the uniform illumination of excitation light for fluorescence imaging, and the decoding mode is used for the localized excitation of ChR2 proteins. As an image sensor, the sensor chip has 272 x 240 active pixel sensor (APS) array, and read-out circuits. The active imaging area is 2.0 x 1.8 mm 2 .
Conclusions
We have demonstrated that on-chip micro contact electrodes can be utilized to drive LED on CMOS image sensor at sufficient emission power. Based on those preliminary investigations, we have designed a novel CMOS image sensor for dense spatiotemporally pattered optical stimulation on light sensitized neuronal tissues. 
